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0 Mlm cold-cathode electron emission elements and methods of manufacture thereof. 



@ An MIM type of electron emission element hav- 
ing a thin insulating film (2) formed below an elec- 
tron emission region (4) of a metal layer (3), with that 
electron emission region of the metal layer consist- 
ing of an array of thick and thin portions (3a, 3b), 
distributed throughout the electron emission region. 
Improved efficiency and uniformity of of emission 
Cjlare obtained, due to the low resistance of the thick 
^ portions, which effectively apply a supply voltage to 
If) the thin portions of the metal layer, while the thin 
0> portions can be made sufficiently thin to maximize 
'""the electron emission level. 
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M1M COLD-CATHODE ELECTRON EMISSION ELEMENTS AND METHODS OF MANUFACTURE THEREOF 



BACKGROUND OF THE INVENTION 



Held of Applicable Technology 



The present invention relates to structures and 
methods of manufacture for an electron emission 
element which can be utilized as a source of elec- 
tron emission, for use in vanous types of apparatus 
which utilize an electron beam, such as electron 
microscopes. CRTs. etc. In particular, the invention 
is directed towards improved structures and meth- 
ods of manufacture for thin-film electron emission 
elements which are basically of a metal - insulation 
- metal layer configuration. 



Prior Art Technology 

in the prior art, a heated cathode is used for 
electron emission in equipment which uses an 
electron beam, such as electron microscopes and 
CRTs. However, with a heated cathode it .is of 
course necessary to provide heating means to pro- 
duce electron emission, and this has the disadvan- 
tage of high energy consumption. For this reason, 
various types of electron emission elements have 
been researched which provide electron emission 
without heating, i.e. cold-cathode electron emission 
elements. 

As a specific example, if a reverse bias voltage 
is applied to a PN junction, then an avalanche 
condition can be produced whereby electron emis- 
sion from the PN junction can be obtained. Alter- 
natively, a localized high-intensity electric field can 
be applied to a metal electrode, causing field-effect 
electron emission to occur. Another method is to 
use a device having a metal - insulator - metal 
layer configuration (i.e. an MIM type of electron 
emission element), where the insulating layer and 
one of the metal layers are respectively formed as 
extremely thin films, and with the thin metal layer 
being disposed in a vacuum, and to apply a volt- 
age between the two metal layers whereby elec- 
trons execute tunnelling through the insulating layer 
and a proportion of these are then emitted from the 
thin metal layer. Of the above types of cold-cath- 
ode devices, the MIM electron emission element 
has the advantage of a simple type of construction, 
and will be described in the following. 

The basic principles of an MIM electron emis- 
sion element are illustrated in Fig. 1. A metal layer 



(conducting material layer) 41 has a very thin in- 
sulating layer 42 formed thereon, and a very thin 
metal layer 43 is formed upon the insulating layer 
42. The upper surface of the metal layer 43 is 

5 exposed to a vacuum, or low pressure gas. By 
applying a voltage from a power source 44 be- 
tween the metal layers 41 and 43. having a value 
that is greater than the work function of the metal 
layer 43. electron tunnelling through the insulating 

jo layer 42 will occur. Some of the tunnelling elec- 
trons will have a greater energy than the vacuum 
potential, and so are emitted from the surface of 
the metal layer 43. as emitted electrons 45. 

Figs. 2 and 3 show respective specific exam- 

15 pies of a prior art type of MIM electron emission 
element. With the electron emission element of Fig. 
2. a metal layer 52 consisting of Al and a metal 
layer 55 consisting of Au are successively formed 
on a surface of a glass substrate 51. An insulating 

20 layer 52, consisting of AI2O3 and an electrically 
insulating layer 54 consisting of S1O2 are formed 
between the metal layers 52 and 55. When a 
voltage is applied between the metal layers 52 and 
55, electrons are emitted from the electron emis- 

25 sion region 56 of the metal layer 55. This is de- 
scribed in the Electronic Apparatus Reasearch 
Conference Papers of the Television Society, with 
the title "Cathode Ray Tube Using Tunnel Cath- 
ode M 968, 4, 30. 

30 With the prior art MIM electron emission ele- 
ment of Fig. 3, the metal layer 62 is formed as a 
strip upon the surface of an electrically insulating 
layer 61. then an electrically insulating layer 63 is 
formed on the metal layer 62. Next, a metal layer 

35 64 is formed upon the insulating layer 63, also in 
the shape of a strip, positioned such as to per- 
pendicularly intersect the metal layer 62. When a 
voltage is applied between the metal layers 62 and 
64, electrons are emitted from an electron emission 

40 region of the metal layer 64, with the area of this 
electron emission region being defined as the re- 
gion of intersection between the two metal layers. 
This electron emission element is described in 
Japanese Patent Laid-open No. 63-6717. 

45 However with the above types of prior art MIM 
electron emission element, the problem arises that 
the electron emission distribution within the elec- 
tron emission region is non-uniform, i.e. there are 
positions within the electron emission region at 

50 which the rate of electron emission is high, and 
regions where emission is low. Furthermore, with 
such a prior art type of electron emission element, 
In addition to the problem of unevenness of elec- 
tron emission, the metal layer that is formed on the 
insulating layer will in many cases have poor elec- 
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trical conductivity. 

The reason for the non-uniformity of electron 
emission distribution is as follows. In order to maxi- 
mize the efficiency of electron emission from the 
metal layer that is formed on the insulating layer. 5 
that metal layer must be made extremely thin with- 
in the electron emission region. However since it is 
difficult to form the electron emission region with a 
very uniform thickness of thin metal film, there will 
inevitably be some variations in thickness within jo 
the electron emission region. This results in non- 
uniformity of electron emission distribution in the 
electron emission region. Furthermore, due to the 
fact that the metal layer is very thin, successive 
voltage drops will occur within that layer, from the 15 
point of connection of the metal layer to a power 
source. Thus, the effective electric field strength 
within the electron emission region will be non- 
uniform, causing the electron emission to be un- 
even within that region. In addition, those electrons 20 
which are unable to leave the metal layer by being 
emitted therefrom, after having passed through the 
insulating layer by tunnelling, will produce a flow of 
current within the metal layer. The greater the level 
of this current flow. i.e. the lower the efficiency of 25 
electron emission of the element,, the greater will 
be an amount of Joule heating that is produced in 
the thin metal layer, whereby heat is generated 
within portions of that layer. As a result, it becomes 
impossible to apply a stable and uniform electric 30 
field to the insulating layer within the electron emis- 
sion region, whereby uniformity of electron emis- 
sion is prevented. 

The reasons for the poor conduction of the 
metal layer are as follows. With the electron emis- 05 
sion element of Fig. 3, there are step variations in 
the height of the surface of the insulating layer, and 
corresponding step changes are produced in the 
metal layer that is formed on the insulating layer. 
Due to these step changes in shape of the layers, 40 
comers are formed, and as a result of these cor- 
ners formed in the layers, defects are produced in 
the thin metal layer, so that poor electrical conduc- 
tion in that layer will occur. 

Another problem which arises with such a prior 45 
art type of MIM electron emission element is that 
the electron emission efficiency is insufficient. The 
insulating layer is formed in the prior art as a very 
thin film, having a thickness of approximately 50 to 
200 A, by a process such as evaporative deposi- 50 
tion, anodic oxidation, etc.and is not formed with a 
crystal structure, i.e. is an amorphous layer. As a 
result, most of the electrons which move within the 
insulating layer by the tunnelling effect will be 
dispersed within that layer as a result of collisions 55 
with atoms of the material constituting the layer, 
and will thereby lose energy, so that the number of 
electrons which actually are transferred to the thin 



metal layer of such an electron emission element 
will be very small. 

In addition, the electrons which enter this thin 
metal layer will also be dispersed, and suffer a 
further energy loss thereby. In order to reduce this 
dispersion within the thin metal layer, that layer 
must be made as thin as possible, However if that 
layer is made very thin, then a substantial voltage 
drop will occur between the point of connection of 
that metal layer to a power source terminal and an 
electron emission region of the metal layer, as 
described above. Thus, the intensity of the electric 
field that is produced in a region of the insulating 
layer immediately below an electron emission re- 
gion of the thin metal layer is reduced, and hence 
effective electron emission cannot be achieved. 
This reduction of effective electric field strength 
within the electron emission region can be coun- 
teracted to some extent by increasing the level of 
voltage supplied by the power source. However in 
that case. Joule heating will occur due to the 
electrical power which will be dissipated within the 
metal layer, resulting in non-uniform electron emis- 
sion and the danger of open-circuits in the thin 
metal layer. 

Furthermore, with such an MIM type of elec- 
tron emission element, both the thin-film insulating 
layer (through which the tunnelling electrons pass) 
and the thin-film metal layer (from which electrons 
are emitted), are formed upon an underlying layer 
which has an upwardly protruding portion and/or an 
inwardly recessed portion, i.e. which has an upper 
surface that exhibits step changes in height. As a 
result, each of the thin insulating layer and thin 
metal layer will also have corresponding step 
changes in height, so that the respective film thic- 
knesses of these layers will be non-uniform. Hence, 
the operating characteristics of such an electron 
emission element are unstable. In particular, if the 
thin metal layer is formed with such step variations 
in height, then internal defects may be produced 
within that layer in regions which are close to these 
step changes, i.e. at corner portions. This can 
result in localized variations in electrical conduction 
at these portions, as well as non-uniformity of film 
thickness, thereby further contributing to deteriora- 
tion of the electrical characteristics. Moreover, if an 
array is formed of a plurality of such MIM electron 
emission elements, the characteristics of respective 
elements of the array will vary significantly from 
one another. 



SUMMARY OF THE INVENTION 



It is a first objective of the present invention to 
provide an MIM type of electron emission element 



3 



5 



EP 0 367 195 A2 



6 



which overcomes the above problem of non-uni- 
form of electron emission distribution of pnor art 
devices. 

It is a second objective of the present invention 
to provide an MIM type of electron emission ele- 
ment which has high reliability of electrical conduc- 
tion of a metal layer from which electrons are 
emitted. 

It is a third objective of the present invention to 
provide an MIM type of electron emission element 
whereby dispersion of electrons which travel 
through a thin insulating layer by the tunnelling 
effect is suppressed, to thereby achieve an en- 
hanced degree of electron emission efficiency. 

It is a fourth objective of the present invention 
to provide an MIM type of electron emission ele- 
ment whereby even when a region of a metal layer 
from which electrons are emitted is made extreme- 
ly thin, voltage drops within that metal layer and 
open-circuits resulting from power dissipation with- 
in that layer are effectively prevented. 

It is a fifth objective of the present invention to 
provide an MIM type of electron emission element 
whereby each of a thin insulating layer through 
which electrons pass by the tunnelling effect and a 
thin metal layer from which electrons are emitted is 
formed as a completely flat layer. 

It is a sixth objective of the present invention to 
provide a simple method of manufacture for an 
MIM type of electron emission element whereby 
prior art problems of non-uniform electron emission 
distribution are overcome. 

According to one aspect, an electron emission 
element according to the present invention com- 
prises an electrically insulating material formed on 
a layer of electrically conducting material (or a bulk 
conducting body), with a metal layer formed over 
the insulating layer. Immediately below an electron 
emission region of the metal layer, the insulating 
layer is formed as an extremely thin film, while the 
metal layer within the electron emission region is 
formed as an array of thick and thin portions which 
are distributed throughout that region. The thick 
portions of the metal layer serve to ensure that a 
sufficient level of voltage will be applied to the thin 
portions, while the thin portions are made suffi- 
ciently thin to ensure high efficiency of electron 
emission. 

It has been found that such an array of thick 
and thin portions of the metal layer can be very 
easily formed by executing evaporative deposition 
of a metal through a mask having a pattern of 
apertures therein, if the mask is positioned spaced 
apart from the insulating layer by a specific dis- 
tance. The "thin portions" in this case are con- 
stituted by sloping edge portions which extend 
from each thick portion. 

The thin insulating layer portion corresponding 



to the electron emission region can be formed by 
providing an upwardly protruding portion of the 
conducting layer, and forming an insulating layer 
which covers the upwardly protruding portion and 

5 surrounding regions of the conducting layer and 
has a flat upper surface. Alternatively, a first in- 
sulating layer can be formed surrounding the up- 
wardly protruding portion of the conducting layer, 
to the same height as that upwardly protruding 

/o portion, and a thin insulating layer then formed 
overall, with a flat upper surface. It is also possible 
to form the latter thin insulating layer as an oxide 
film on the upwardly protruding portion of the con- 
ducting layer. In each case, an overall insulating 

/5 layer having a flat upper surface is formed, on 
which the thin metal layer is then deposited as a 
completely flat thin film. With such a configuration, 
the shape of the electron emission region of the 
electron emission element can be selected as re- 

20 quired, by the shape of the upwardly protruding 
portion of the conducting layer. 

According to another aspect of the invention, 
the thin insulating layer below the electron emis- 
sion region is formed as an epitaxially grown layer 

25 of single-crystal material, with the crystal planes 
oriented with respect to the layer surface such as 
to minimize dispersion of electrons which pass 
through that insulating layer by tunnelling. The effi- 
ciency of electron emission can thereby be sub- 

30 stantially increased. 

More specifically, one embodiment of the in- 
vention is an electron emission element comprising 
an electrically conducting layer, an electrically in- 
sulating layer formed on the conducting layer, and 

35 a metal layer formed on the insulating layer, 
wherein the metal layer is formed with an electron 
emission region comprising a plurality of relatively 
thick portions of the metal layer and a plurality of 
relatively thin portions of the metal layer, the thick 

40 and thin portions being distributed throughout the 
electron emission region. 

Another embodiment of the invention is an 
electron emission element comprising an electri- 
cally conducting body having an electrically insulat- 

45 ing layer formed thereon, and a metal layer formed 
on the insulating layer, with respective values of 
thickness of at least portions of the insulating layer 
and metal layer being selected such as to permit 
electron emission from an electron emission region 

so of the metal layer in response to application of a 
specific level of voltage between the conducting 
body and the metal layer, wherein at least a part of 
the insulating layer corresponding in position to the 
electron emission region comprises a single-crystal 

55 layer of an electrically insulating material having 
crystal planes thereof oriented in predetermined 
directions. 

Another emodiment of the invention is an elec- 
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tron emission element comprising a substrate, an 
electrically conducting layer formed on a predeter- 
mined region of a surface of the substrate, a first 
electrically insulating layer formed on the conduct- 
ing layer, a second insulating layer formed on a 
region of the substrate outside the first insulating 
layer, with an upper surface of the second insulat- 
ing layer being co-planar with an upper surface of 
the first insulating layer, and a metal layer formed 
on the first and second insulating layers. 

Yet another embodiment of the invention is an 
electron emission element comprising an electri- 
cally conducting body having a surface thereof 
formed with an upwardly protruding portion, an 
electrically insulating layer formed to cover the 
conducting body and having a flat upper surface, 
and a metal layer formed upon the insulating layer 
surface, the metal layer extending above the up- 
wardly protruding portion of the conducting body 
and at least partially overlapping a boundary of the 
upwardly protruding portion. 

A further embodiment of the invention is an 
electron emission element comprising an electri- 
cally conducting body formed on a portion of a 
surface of a substrate, an electrically insulating 
layer formed upon the conducting body and the 
surface, the insulating layer having a flat upper 
surface, and a metal layer formed on the insulating 
layer surface, extending above the conducting 
body. 

The invention further describes a method of 
manufacture for an electron emission element, 
comprising successive steps of: 
forming a layer of an electrically conducting ma- 
terial on a surface of a glass substrate; 
forming a layer of an electrically insulating material 
on the conducting material layer; 
forming a metal layer upon the layer of insulating 
material; 

forming a patterned photoresist layer on the metal 
layer; and 

executing photo-lithography etching of the metal 
layer, employing the photoresist layer, to selec- 
tively remove portions of the metal layer. 

The invention moreover includes aa method of 
manufacture for an electron emission element, 
comprising successive steps of: 
forming a layer of an electrically insulating material 
on a region of a conducting body corresponding to 
an electron emission region, the thickness of the 
layer of insulating material being selected such as 
to permit an electron tunnelling effect to occur in 
the layer of insulating material: and 
executing evaporative deposition of a metal onto a 
surface of the insulating layer through a mask, the 
mask having a predetermined pattern of apertures 
formed therein, and the mask being spaced apart 
from the layer of insulating material by a predeter- 



mined distance; 

for thereby forming a plurality of thick portions and 
a plurality of sloping portions of the metal layer 
within the electron emission region, each of the 
5 sloping portions being integrally formed with a cor- 
responding one of the thick portions and being of 
gradually varying thickness, the thick portions and 
thin portions being distributed throughout the elec- 
tron emission region. 

w 

BRIEF DESCRIPTION OF THE DRAWINGS 



/5 Fig. 1 is a conceptual cross-sectional view 

for describing the basic principles of a MIM elec- 
tron emission element; 

Fig. 2 is a general cross-sectional view of an 
example of a prior art MIM type of electron emis- 
20 sion element; 

Fig. 3 is a general oblique view of another 
example of a prior art MIM type of electron emis- 
sion element; 

Fig. 4A is a general cross-sectional view of a 
25 first embodiment of an electron emission element 
according to the present invention; 

Fig. 4B is an expanded cross-sectional view 
of an electron emission region in the embodiment 
of Fig. 4A; 

30 Figs. 5A to 5C are diagrams showing a sec- 

ond embodiment of an MIM type of electron emis- 
sion element according to the present invention, in 
which Fig. 5A is a cross-sectional view, Fig. 5B is 
an expanded partial cross-sectional view of a metal 

35 layer in Fig. 5A, and Rg 5C is a partial expanded 
plan view of a metal layer in Rg. 5A; 

Figs, 6A and 6B show a third embodiment of 
an electron emission element according to the 
present invention, in which Rg. 6A is a cross- 

40 sectional view and Fig. 6B is a partial expanded 
cross-sectional view of a metal layer; 

Figs. 7A to 71 are diagrams illustrating steps 
of a method of manufacture for the electron emis- 
sion element of Figs. 6A to 6B; 

45 Rg. 8 is a general cross-sectional view of a 

fourth embodiment of an electron emission element 
according to the present invention; 

Rg. 9 is a general cross-sectional view of a 
fifth embodiment of an electron emission element 

so according to the present invention; 

Rg. 10A is a plan view of a sixth embodi- 
ment of an electron emission element according to 
the present invention, and Rg.. 1 0B is a corre- 
sponding cross-sectional view; 

55 Fig. 1 1 is a general cross-sectional view of a 

seventh embodiment of an electron emission ele- 
ment according to the present invention; 

Figs. 12A to I2G are cross-sectional views 
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illustrating steps of a method of manufacture for 
the electron emission element of Fig. 1 1 

Fig. 13 is a general cross-sectional view of 
an eighth embodiment of an electron emission ele- 
ment according to the present invention: 

Rg. 14 is a general cross-sectional view of a 
ninth embodiment of an electron emission element 
according to the present invention: 

Rg. 15 is a general cross-sectional view of a 
tenth embodiment of an electron emission element 
according to the present invention: 

Rgs. 16A to 16G are cross-sectional views 
illustrating steps of a method of manufacture for 
the electron emission element of Fig. 15: and 

Rgs. 17 and 18 are general cross-sectional 
views showing an eleventh and a twelfth embodi- 
ment of an electron emission element according to 
the present invention, respectively. 

DESCRIPTION OF PREFERRED EMBODIMENTS 



Embodiments of the invention will be described 
in the following, referring to the drawings. 

It should be noted that terms such as "upper", 
"upward", "upwardly protruding" etc. as applied to 
layers formed in the various embodiments, which 
assume that each embodiment is oriented as in- 
dicated in the respective drawings, with an electron 
emission metal layer oriented horizontally as an 
uppermost layer, are of course used only for sim- 
plicity of description, 

Rg. 4A is a general cross-sectional view of a 
first embodiment of an electron emission element 
according to the present invention. Fig. 4B is an 
expanded view of a portion of an electron emission 
region that is located within a broken-line outline 
shown in Fig 4A. In these figures, numeral 1 de- 
notes a layer of an electrically conducting material 
which is formed on a substrate 5, numeral 2 de- 
notes an insulating layer which is formed on the 
conducting layer 1, numeral 3 denotes a metal 
layer formed on the insulating layer 2. numeral 4 
denotes an electron emission region at the center 
of the metal layer 3, numeral 5 denotes a substrate 
which is the lowest layer, and numeral 6 denotes 
electrons which are emitted from the electron emis- 
sion region 4. 

An example of a method of manufacture for 
such an electron emission element is as follows. 
On a glass substrate 5 is formed a thin film of Al as 
the conducting layer 1, to a thickness of 3,000 to 
5,000 A approximately, by a method such as vacu- 
um evaporative deposition or by sputtering deposi- 
tion. A layer of a material such as AI2O3 or S1O2 is 
then formed on a region of the Al film 1 which 
corresponds to the electron emission region 4, as 
the insulating layer 2, by a method such as vacu- 



um evaporative deposition or sputtering deposition, 
or by anodic oxidation, to a thickness of 50 A to 
200 A. This electron emission region 4 has a 
diameter of approximately lOOum. Next, a layer of 

5 a metal such as Au or Al is formed as the metal 
layer 3, upon the insulating layer 2. As shown in 
Fig. 4B. the metal layer 3 consists of thin portions 
3b (each having a film thickness of 50 A to 200 A 
approximately) and thick portions 3a (each having a 

;o film thickness of 1000 A approximately). This metal 
layer 3 is formed by a method such as vacuum 
evaporative deposition or by sputtering deposition. 

An example of a method of forming the thick 
and thin portions 3a and 3b of the metal layer 3 is 

is as follows A layer of Au or Al is formed on the 
insulating layer 2. by a process such as vacuum 
evaporative deposition or sputtering deposition, to 
a thickness of approximately 1000 A. then a layer 
of photoresist is formed thereon, and the photores- 

20 1st >s then exposed to a pattern of light which has a 
pitch of approximately lOum. The photoresist is 
then developed and the portions of photoresist 
corresponding to the regions within the electron 
emission region 4 that are to be made thin are 

25 removed. Etching of these regions of the metal 
layer 3, to a depth which is close, to the surface of 
the insulating layer 2. is then performed. The re- 
maining photoresist is then removed. 

It can be understood that with such an element, 

30 each of the thin portions of the metal layer within 
the electron emission region is integrally connected 
to at least one corresponding thick portion. Thus, 
by applying a voltage between the conducting lay- 
er 1 and the metal layer 3 of such an MIM electron 

35 emission element, such that the metal layer 3 is 
made positive, a voltage is applied through the 
thick portions 3a of the metal layer 3 to the thin 
portions 3b. Since the voltage drop which occurs in 
the thick portions 3a is very small, substantially 

40 uniform values of voltage are applied to the thin 
portions 3b, whereby uniform emission of electrons 
6 is obtained from the thin portions 3a in the 
electron emission region. 

Rgs. 5A to 5C illustrate a second embodiment 

45 of an electron emission element according to the 
present invention. With this embodiment, an elec- 
trically conducting layer 1 (consisting of a material 
such as Al) is formed on an electrically insulating 
substrate 5 (consisting of a material such as glass) 

50 . An electrically insulating layer 2 (consisting of a 
material such as AI2O3 of Si02) is formed as a thin 
film on the conducting layer 1 . A thin metal film 3 
(e.g. consisting of Au) is formed on the insulating 
layer 2. The thickness of the conducting layer 1 is 

55 approximately 1000 to 5000 A. The thickness of 
the insulating layer 2 is approximately 50 to 200 A, 
within an electron emission region 4, and is 2000 to 
5000 A in areas outside the electron emission 



6 



11 



EP0 367 195 A2 



12 



region 4. The thickness of the thin metal film 3 is 
500 to 2000 A in areas outside the electron emis- 
sion region 4. 

The configuration of the electron emission re- 
gion 4 of the thin metal film 3 is as follows. As 
shown in Rg 5C. the electron emission region 4 is 
formed with a plurality of mutually parallel narrow 
stripe-shaped portions 3'. with regions of the sur- 
face of the insulating layer 2 between these stripe 
portions 3 being left exposed (i.e without metal 
having been deposited thereon). As shown in Rg. 
5B. which is an expanded cross-sectional view of 
the portion A of Rg. 5A. each of these portions 3 
of the thin metal film 3 has a flat-topped portion 3a 
and sloping portions 3 b. Each of these sloping 
portions 3 b gradually decreases in thickness from 
a maximum value to a value of zero, i.e to finally 
reach the surface of the insulating layer 2. The 
central region of each flat-topped portion is a thick 
portion of the metal layer, which serves to ensure 
low electrical resistance, while regions which are 
centered on the sloping portions 3 b of the metal 
layer constitute thin portions which serve for elec- 
tron emission. As shown, a large number of these 
stripe portions 3' having sloping portions 3 b and 
flat-topped portions 3 a are widely distributed 
throughout the electron emission region 4. Thus, 
the thin electron emission portions are widely dis- 
tributed throughout the electron emission region 4, 
with each thin portion being of course integrally 
connected to a thick portion of the metal layer. The 
thickness of each of the flat-topped portions 3a of 
the thin metal film 3 is approximately 500 to 2000 

A. 

When a voltage is applied between the con- 
ducting layer 1 and the thin metal film 3, then due 
to the low electrical resistance that is ensured by 
the flat-topped portions 3'a, voltage drops are pre- 
vented. This ensures that a strong electric field is 
produced, so that electrons are strongly emitted 
from the overall area of the electron emission re- 
gion 4. 

In the embodiment described above, as shown 
in Rgs. 58 and 5C, mutually adjacent ones of the 
sloping portions are separated from one another, 
with an exposed region of the surface of the in- 
sulating layer 2 being formed therebetween. How- 
ever it would be equally possible to modify that 
embodiment such that mutually adjacent ones of 
the sloping portions are connected to one another, 
i.e. are mutually connected by a region of mini- 
mum thickness, so that no exposed regions of the 
insulating layer 2 are formed between them. It has 
been found that if this is done, then the results 
obtained are similar to those obtained for an elec- 
tron emission element of the form shown in Rgs. 
4A, 4B. 

A third embodiment of an electron emission 



element according to the present invention is as 
follows. With this electron emission element, as 
shown in Rg. 6A, an electrically conducting layer 1 
(consisting of a material such as Al) is formed on 

5 an electrically insulating substrate 5 (consisting of a 
material such as glass). An insulating layer 2 
(consisting of a material such as AI2O3 of Si02) is 
formed on the conducting layer 1. A metal layer 3 
(consisting of a material such as Au) is formed on 

to the insulating layer 2. 

The configuration of the electron emission re- 
gion 4 of the metal layer 3 is similar to that of the 
preceding embodiment. As shown in the expanded 
cross-sectional view of Rg. 6B showing the portion 

J5 A' in Rg. 6A. the electron emission region 4 has a 
plurality of parallel narrow stripe-shaped portions 
3', with regions of the surface of the insulating 
layer 2 between these stripe portions 3 being left 
exposed. As shown, each of these portions 3 of 

20 the metal layer 3 has a flat-topped portion 3 a and 
sloping portions 3 b which gradually decrease in 
thickness to finally reach the surface of the insulat- 
ing layer 2. 

With this embodiment, the surface of the con- 
25 ducting layer 1 has an upwardly protruding portion 
1a corresponding to the position of the electron 
emission region 4. and the thickness of the portion 
of the insulating layer 2 that is immediately above 
this upwardly protruding portion 1a is accordingly 
30 decreased. Thus, the boundary of the electron 
emission region 4 is defined by the shape of the 
upper surface of this upwardly protruding portion 
1a. 

The surface of the insulating layer 2 is flat, so 
35 that the metal layer 3 is formed over this entire 
surface without any step changes in height of the 
layer 3, i.e. the interface between the insulating 
layer 2 and the metal layer 3 is a single plane, 
which extends inside and outside the electron 
40 emission region 4. Hence, a high degree of reliabil- 
ity of electrical conduction is achieved for the metal 
layer 3, since that layer can be formed as a single 
uniform flat film, without corners being formed 
therein, and hence with a low possibility of defects 
45 being formed therein. In addition, the metal layer 3 
is thinner within the electron emission region 4 than 
it is outside the region 4. so that it is easy to 
ensure that both a high efficiency of electron emis- 
sion and low electrical resistance are attained. 
50 Furthermore with such an electron emission 

element, when a voltage is applied between the 
metal layer 3 and the conducting layer 1, then due 
to the low electrical resistance that is ensured by 
the flat-topped portions 3'a, voltage drops are pre- 
ss vented, and a strong electric field is produced, so 
that electrons are strongly emitted over the entire 
area of the electron emission region 4. 

An example of a method of manufacture for the 
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embodiment of Figs. 6A and 6B will be described 
in the following, referring to Figs. 7A to 71 

Firstly, a metal layer (consisting of a material 
such as Al or Ta) is formed on the surface of an 
insulating substrate 5. consisting of a material such 
as glass. The metal layer can be formed by by a 
process such as resistive evaporative deposition, 
electron beam evaporative deposition, or sputtering 
deposition deposition; and is formed to a thickness 
of approximately 1000 to 10,000 A. In this way an 
electrically conducting layer 1 is deposited as 
shown in Fig 7A. After thus forming the layer 1, 
then as shown in Fig. 7B a layer of photoresist 7 is 
selectively formed at positions where the electron 
emission region 4 is to be formed. The photoresist 
layer 7 can be formed by the usual photolithog- 
raphy technique. 

After forming the photoresist layer 7, ion milling 
or liquid etching is executed to etch those regions 
of the conducting layer 1 that are not covered with 
the photoresist with etching being performed to a 
depth d of for example 500 to 5.000 A. The upwar- 
dly protruding portion 1a is thereby formed. Next, 
as shown in Fig. 7D, the insulating layer 21 
(consisting of a material such as Si02. AI2O3, or 
Ta 2 Os) is formed overall, to the same height as 
that of the upwardly protruding portion 1a (i.e. to a 
thickness which is equal to the etching depth d), by 
a process such as resistive evaporative deposition, 
electron beam evaporative deposition, or sputtering 
deposition. 

After depositing the insulating layer 21, as 
shown in Fig. 7E f the metal layer 31 is formed to a 
thickness of approximately 200 to 1,000 A 
(consisting of a material such as Au, Al, Mo or W) , 
by a process such as resistive heating evaporative 
deposition, electron beam evaporative deposition, 
or sputtering deposition. 

Next, after removing the photoresist layer 7, 
oxidation of the surface of the upwardly protruding 
portion 1a is performed, to a thickness of approxi- 
mately 50 to 200 A. whereby as shown in Fig. 7F 
the thin insulating layer (i.e. oxide insulation film) 
22 is formed This is done by a process such as 
thermal oxidation in an oxygen atmosphere, or an- 
odic oxidation, to form a layer of a material such as 
AI2O3, Ta20s, etc. When this is completed, an 
electrically insulating layer has been formed from 
the insulating layers 21 and 22 which has a flat 
surface. 

Next, the metal layer of the electron emission 
region 4 is formed. As shown in Fig. 7G, a mask 8 
is positioned with a fixed small amount of separa- 
tion from the surface of the insulating layer 22. 
then a metal layer (consisting of a material such as 
Au, Al, Mo, W, etc) is deposited by evaporative 
deposition through the mask 8, to a thickness of 
100 to 500 A approximately, by a process such as 



resistive heating evaporative deposition, electron 
beam evaporative deposition or sputtering deposi- 
tion. The mask 8 is provided with open slits at 
specific positions which correspond to positions 
5 where the metal layer is to be formed. These can 
be for example a parallel array of slits, each having 
a width of 0.01 to 0.05 mm. a length of 0.5 mm to 
1 mm, and a pitch of 0.05 to 0.1 mm. 

!n this way. as a result of deposition of the 
w metal layer as shown in Fig. 7H, a metal layer 32 is 
formed in the electron emission region 4. Fig. 71 is 
an expanded view of the portion A of this metal 
layer 32. As shown, this consists of flat-topped 
portions 32a and sloping portions 32b . which re- 
's suit from the mask 8 having been positioned with a 
slight separation from the surface of the insulating 
layer 22. 

With the electron emission element of Fig. 7H, 
when compared to the configuration shown in Rg. 

20 6A. the insulating layers 21, 22 correspond to the 
insulating layer 2. and the metal layers 31, 32 
correspond to the metal layer 3. It can thus be 
understood that both of these electron emission 
elements are of basically identical configuration. 

25 It should be noted that it would be equally 
possible to form the metal layer of the electron 
emission region by first forming a metal layer to 
the desired thickness for the flat-topped portions 
over the entire area of the electron emission re- 

30 gion, and to then execute selective removal of that 
layer to a predetermined thickness, at positions 
such as to ensure that the thick portions and the 
thin portions (for electron emission) of the metal 
layer will be uniformly distributed throughout the 

35 electron emission region. 

In the above embodiments, formation of a sin- 
gle electron emission region is described. However 
it would be equally possible to produce an array of 
such electron emission elements, i.e. by forming an 

40 array of such electron emission regions. 

It should also be noted that the values of 
thickness for the layers that have been specified 
for the above embodiments are not intended in a 
limiting sense. 

45 Fig. 8 is a general cross-sectional view of a 
fourth embodiment of an electron emission element 
according to the present invention. In Rg. 8, nu- 
meral 10 denotes a body of electrically conducting 
material which can be a layer of material formed on 

50 a substrate (not shown in the drawing) or can be a 
substrate which is formed of an electrically con- 
ducting material. Numeral 11 denotes an electri- 
cally insulating layer, numeral 12 denotes an elec- 
trically insulating layer which is formed as a thin 

55 crystal film by epitaxial growth with predetermined 
crystal plane orientation. 13 denotes a metal layer, 
that is formed as a thin film, and 4 denotes an 
electron emission region of the metal layer 13. 
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With this electron emission element, the rela- 
tively thick insulating layer 11 is formed on the 
conducting layer 10. in regions other than the elec- 
tron emission region 4. while the electron emission 
region 4 contains a very thin (50 to 200 A) crystal 
plane-onented insulating layer 12 and the thin thin 
metal layer 13 formed on the thin insulating layer 
12. If a positive potential of a voltage source is 
applied to the thin thin metal layer 13 and the 
negative potential to the conducting layer 10. then 
a strong electric field will be produced in the thin 
insulating layer 12, immediately below the electron 
emission region 4. Electrons are thereby drawn out 
of the conducting layer 10. and then pass through 
the thin insulating layer 12 by the tunnelling effect, 
then pass into the thin thin metal layer 13. of those 
electrons which reach the thin thin metal layer 13. 
the electrons having an amount of energy which is 
higher than the work function of the metal layer 13 
will be emitted from the surface of that layer. 

The insulating layer 12 within the electron 
emission region 4 is a thin film of epitaxi ally-grown 
single-crystal insulating material, having the crystal 
planes thereof appropriately oriented such as to 
minimize the degree of dispersion of electrons 
within the thin insulating layer 12 due to interaction 
with the electrons and atoms of the thin insulating 
layer 12. For this reason, dispersion and energy 
loss of tunnelling electrons within the thin insulating 
layer 12 is substantially reduced by comparison 
with the prior art. and the number of electrons 
which reach the thin thin metal layer 13 is cor- 
respondingly increased, while in addition the num- 
ber of electrons reaching the thin thin metal layer 
13 which have a sufficiently high energy level to be 
emitted from the thin thin metal layer 13 is also 
increased. 

Thus, the number of electrons which are emit- 
ted from the surface of the thin thin metal layer 13 
is substantially increased over the prior art. with a 
correspondingly high value of electron emission 
efficiency. 

A specific method of manufacture for the elec- 
tron emission element of Fig. 8 will be described in 
the following. 

Si having a specific resistivity of 0.02 fl/cm is 
used as the electrically conducting body 10. The 
insulating layer 11 consists of a film of SIOz having 
a thickness of 1000 A, formed on a region of the 
conducting layer 10 outside a region which cor- 
responds to the electron emission region 4. The 
electron emission region 4 has a diameter of 
100um. A film of AI 2 Oa is formed by epitaxial 
growth on the electron emission region 4 as the 
thin insulating layer 12, using the MBE (molecular 
beam evaporative deposition) process, with the 
<111> plane of the crystal structure aligned par- 
allel to the layer surface, and with the film having a 



thickness of 50 to 200 A. Next, a layer of Au is 
formed by evaporative deposition to a thickness of 
100 to 200 A upon the thin insulating layer 12, 
thereby completing the formation of the electron 

5 emission element. 

According to measurements made of the elec- 
tron emission current of an electron emission ele- 
ment manufactured as described above, an emis- 
sion current of 0.1 mA is obtained under DC opera- 

io tion. while a emission current of 10 mA is obtained 
under pulse operation. The electron emission 
rationa m (i.e. the ratio of the electron current which 
is emitted from the metal layer surface to the 
current which is supplied from the power source) is 

75 approximately 0.09. 

A fifth embodiment of the present invention, 
will be described in the following, referring to Fig. 
9. In Fig. 9. numeral 10 denotes an electrically 
conducting body. 1 1 denotes an electrically insulat- 

20 ing layer, numeral 12 denotes an electrically in- 
sulating layer formed of a thin film of epitaxially 
grown crystal, with the crystal planes oriented in 
predetermined directions. 13 denotes a metal layer, 
4 denotes an electron emission region. 

25 The configuration of this embodiment is as 
follows. The insulating layer 12 is first formed on 
the electrically conducting body 10, then the in- 
sulating layer 1 1 is formed over regions other than 
the electron emission region 4. Next, the thin metal 

30 layer 13 is formed on the electron emission region. 
4. 

Due to the fact that the insulating layer below 
the electron emission region 4 is a thin film of 
epitaxially-grown crystal, with the crystal planes 

35 oriented to minimize energy loss of electrons which 
pass through that layer due to the tunnelling effect, 
as for the preceding embodiment, electrons which 
pass through the insulating layer 12 experience a 
low degree of dispersion and hence the electron 

40 emission efficiency is high. 

The method of manufacture for this embodi- 
ment of an electron emission element is substan- 
tially identical to that of the embodiment of Fig. 8 
described above, except for a change in the se- 

45 quence in which the insulating layers 12 and 11 are 
formed. It has been found that the characteristics of 
this embodiment are also substantially the same as 
those of the embodiment of Fig. 8. 

Figs. 10A and 10B show a sixth embodiment of 

so an electron emission element according to the 
present invention, in which numeral 10 denotes an 
electrically conducting body which can consist of a 
layer of electrically conducting material formed on 
a substrate or can be an electrically conducting 

55 substrate, numeral 11 denotes an electrically in- 
sulating layer, numeral 12 denotes an electrically 
insulating layer formed of a thin film of epitaxially 
grown crystal, with the crystal planes oriented in 
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predetermined directions. 14 denotes a first metal 
layer. 15 denotes a second metal layer, and 16 
denotes a power source. 

With this electron emission as shown in Fig. 
10B. a relatively thick insulating layer 11 is formed 
on regions of the conducting layer 10 other than an 
electron emission region 4, while the crystal plane- 
oriented insulating layer 12. which is very thin (50 
to 200 A) covers the electron emission region 4. 
The first and second metal layers 14 and 15 are 
formed on this insulating layer 12. The first metal 
layer 14 is formed as an extremely thin film, while 
the second metal layer 15 is substantially thicker 
than the metal layer 14. and has a grid shape. All 
of the portions of the second metal layer 15 are 
mutually electrically connected. The first and sec- 
ond metal layers 14 and 15 are mutually elec- 
trically connected. 

With such an electron emission element, a 
voltage from the power source 16 is applied be- 
tween the electrically conducting body 10 and the 
metal layers 14. 15. The voltage of the power 
source is transferred through the thick metal layer 
15 (which is made sufficiently thick to ensure that 
almost no vd occurs therein) to be applied to the 
first metal layer 14. Thus, since a sufficiently high 
voltage can be applied to the metal layer 14 (i.e. 
substantially 100% of the power source voltage), a 
strong electric field can be produced in the elec- 
tron emission region 4. so that a large number of 
electrons are emitted from the surface of the metal 
layer 14. This is achieved without the need for 
increasing the voltage of the power source 16. so 
that there is no danger of damage occurring to the 
thin first metal layer 14 because of Joule heat 
being generated by power dissipation therein. 

A specific example of a method of manufacture 
for this embodiment will be described in the follow- 
ing. First, the electrically conducting body 10 is 
formed as a film of Al, as a single-crystal layer with 
crystal axes oriented in predetermined directions, 
upon an electrically insulating substrate (not shown 
in the drawings, consisting of a material such as 
Pyrex glass), by MBE deposition. Next, a layer of 
amorphous AI2O3 is formed to a thickness of 1,000 
A upon regions of the electrically conducting body 
10 other than a region corresponding to the elec- 
tron emission region 4, as the insulating .layer 1 1 . A 
film of AI2O3 having a thickness of 50 to 200 A is 
then formed overall, including the region corre- 
sponding to the electron emission region 4, as a 
single-crystal layer with crystal axes oriented in 
predetermined directions to thereby form the the 
insulating layer 12, also by an MBE epitaxial 
growth process. Next, a film of Au is formed to a 
thickness of 1 ,000 A with a grid-shaped configura- 
tion, for example as shown in Fig. 10A, by using a 
photolithographic process, to thereby form the sec- 



ond metal layer 15. The first metal layer 14 is then 
formed as a thin film of Au having a thickness of 
100 to 200 A, by MBE deposition. It has been 
found by measurement that the electron emission 
s ratio a n for an MIM electron emission element 
manufactured by the above method is equal to 

0. 07 approximately. 

Fig. 11 is a general cross-sectional view of a 
seventh embodiment of an electron emission ele- 

10 ment according to the present invention, in which 
numeral 1 denotes an electrically conducting layer, 
22 denotes an electrically insulating layer which is 
formed as a thin film. 21 denotes an electrically 
insulating layer. 33 denotes a metal layer which is 

15 formed as a thin film, and 4 denotes an electron 
emission region of the metal layer 33 With this 
embodiment of an electron emission element, the 
conducting layer 1 is formed with an upwardly 
protruding portion 1a. over which is formed the thin 

20 insulating layer 22. In addition, the insulating layer 
21 is formed on regions of the conducting layer 1 
outside of the aforementioned upwardly protruding 
portion 1a of the conducting layer 7. with the upper 
surface of the insulating layer 21 being coplanar 

25 with the upper surface of the insulating layer 22. 
The metal layer 33 is formed as a continuous layer 
over the insulating layer 22 and insulating layer 21 . 
When a voltage is applied by connecting the metal 
layer 33 to a positive potential and the conducting 

30 layer 1 to a negative potential, a strong electric 
field is formed in the insulating layer 22, imme- 
diately below the electron emission region 4. Elec- 
trons are thereby drawn out of the conducting layer 

1, and as a result of the tunnelling phenomenon 
35 within the insulating layer 22, the electrons pass 

into the metal layer 33. Those electrons which have 
an energy that is greater than the work function of 
the metal layer 33 are emitted from the electron 
emission region 4. 

40 With this embodiment, due to the fact that the 
interface between the insulating layer 22 and the 
metal layer 33 is a single plane, without any step 
changes in height or thickness of these layers, the 
insulating layer 22 and metal layer 33 can easily be 

45 formed as a respective uniform thin films, so that 
stable electron emission characteristics can be ob- 
tained. In addition, if an array consisting of a plural- 
ity of such electron emission elements is formed, 
then uniformity of electrical characteristics for the 

so respective electron emission elements of the array 
can be ensured. 

A method of manufacture for such an electron 
emission element wilt be described referring to 
Figs 12A to 12G. Firstly, a layer of a metal such as 

55 Al or Ta is formed by a process such as resistive 
heating evaporative deposition, electron beam 
evaporative deposition, or sputtering deposition, to 
a thickness of 0.1 to 1am approximately, upon a 
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surface of a glass substrate 5. to thereby form an 
electrically conducting layer 1 (Fig 12A). Next, a 
layer of photoresist 7 is formed by the usual 
photolithographic process on the insulating layer 1 
(Fig. 12B) . Etching of the conducting layer 1 is 
then executed to a depth d. where d is for example 
0.05 to 0.5am approximately. This etching is per- 
formed by a process such as ion milling or wet 
etching. (Step 12C). A layer of an electrically in- 
sulating material such as S1O2 . Al 2 03, or Ta20s. is 
then formed overall, to a thickness which is equal 
to the depth d. This layer is formed by a process 
such as electron beam evaporative deposition or 
sputtering deposition (Fig. 12D). The photoresist 
layer 7 is then removed (Rg. 12E). Next, thermal 
oxidation in an oxygen atmosphere, or anodic oxi- 
dation is executed to form a film of a material such 
as AI-O3 or Ta205 as the thin insulating layer 22. 
This film is formed to a thickness t, where t is for 
example 50 to 200 A approximately (Rg. 12F). The 
metal layer 33 is then formed on the surfaces of 
the insulating layers 5 and 22, as a layer of a 
material such as Au, Al, Mo or W, by a process 
such as resistive heating evaporative deposition, 
electron beam evaporative deposition or sputtering 
deposition. This layer is formed to a thickness of 
50 to 200 A approximately. This completes the 
formation of the electron emission element of the 
above embodiment (Rg. 12G). Uniform electron 
emission characteristics and stable operation are 
obtained with such an electron emission element. 

The above description has been given for the 
case In which a substrate is provided below the 
conducting material. However identical results can 
be obtained with the invention without utilizing a 
substrate. 

An eighth embodiment of an electron emission 
element according to the present invention will be 
described, referring to the general cross-sectional 
view of Rg. 13, in which numeral 5 denotes a 
substrate. 1 denotes an electrically conducting lay- 
er, 21 denotes an electrically insulating layer, 22 
denotes a thin-film electrically insulating layer. 33 
denotes a thin-film metal layer. The method of 
manufacture of such an electron emission element 
is as follows. The conducting layer 1 is formed on 
a predetermined region of the substrate 5, the thin 
insulating layer 22 is then formed on the conduct- 
ing layer 1, and the insulating layer 21 is formed 
on a specific region of the substrate 5 other than 
the region in which the conducting layer 1 is 
formed. The insulating layer 21 is formed such that 
the upper surface thereof Is co-planar with the 
upper surface of the thin insulating layer 22. A thin 
metal layer 33 is then formed over both the insulat- 
ing layers 21 and 22. 

It should be noted that it would be equally 
possible to make the value of the thickness d (in 



the manufacturing steps of Rgs. 12C and 12D 
above) identical to the original thickness of the 
conducting layer 1. If this is done, and the identical 
steps of Rgs. 12A to 12G are utilized, then an 

5 electron emission, element having uniform electron 
emission distribution over the electron emission 
region and stability of operation can be produced. 

Furthermore although the above process has 
been described for the case of a single electron 

10 emission element being manufactured, it would be 
equally possible to similarly manufacture an array 
of a plurality of electron emission elements in this 
way. with similar results being obtained. 

With the seventh and eighth embodiments de- 

15 scribed above, the respective upper surfaces of the 
thin first insulating layer 22 and the second insulat- 
ing layer 21 are co-planar, with no step changes in 
height. Thus, the thin metal layer 33 that is formed 
thereon is completely flat and of uniform thickness. 

20 As a result, the formation of internal defects in the 
metal layer 33 can be prevented, so that high 
reliability- and stability of operation is obtained. If an 
array of such electron emission elements is manu- 
factured by the above process, a high degree of 

25 uniformity of characteristics of the respective ele- 
ments of the array can be obtained, together with a 
high degree of electron emission efficiency. 

Rg. 14 shows a general cross-sectional view of 
a ninth embodiment of an electron emission ele- 

30 ment according to the present invention. The con- 
figuration of this electron emission element is: con- 
ducting layer (conducting material) 1 - insulating 
layer 21 - metal layer 33. The conducting layer 1 
has an upwardly protruding portion 1a. The insulat- 

35 ing layer 21, which is sandwiched between the 
conducting layer 1 and the metal layer 33, is 
formed such that an upper surface thereof extends 
over both the upwardly protruding portion 1a of the 
conducting layer 1 and the remaining region of the 

40 conducting layer 1. The upwardly protruding por- 
tion 1a corresponds in position to an electron emis- 
sion region 4. 

When a voltage is applied such that the con- 
ducting layer 1 is connected to a negative potential 

45 and the metal layer 33 to a positive potential, a 
strong electric field is produced in the thin insulat- 
ing layer 21 , below the electron emission region 4. 
As a result, electrons are drawn out of the conduct- 
ing layer 1 and pass through the insulating layer 21 

50 by the tunnelling phenomenon. Those electrons 
which have an energy that is greater than the work 
function of the metal layer 33 are emitted from the 
metal layer 33, in the electron emission region 4. 
Rg. 15 shows a general cross-sectional view of 

55 a tenth embodiment of an electron emission ele- 
ment according to the present invention, whose 
configuration is : conducting layer (conducting ma- 
terial) conducting layer 1 - insulating layers 21 , 22 - 
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metaf layer 33. Specifically, the insulating layer that 
is sandwiched between the conducting layer 1 and 
the meta! layer 33 has an upper surface that covers 
all of the conducting layer 1 other than the upwar- 
dly protruding portion la The first insulating layer 
insulating layer 21 has an upper surface that is co- 
planar with the upper surface of the upwardly pro- 
truding portion 1a. The second insulating layer 22. 
which is formed such as to extend over both the 
upwardly protruding portion 1a and the insulating 
layer 21, has a flat upper surface. The electron 
emission region 4 is defined by the upwardly pro- 
truding portion 1a. The remaining features of this 
embodiment are identical to those of the ninth 
embodiment described above, so that further de- 
scription will be omitted. 

When a voltage is applied such that the con- 
ducting layer 1 is connected to a negative potential 
and the metal layer 33 to a positive potential, a 
strong electric field is produced in the thin second 
insulating layer 22, below the electron emission 
region 4. As a result electrons are drawn out of the 
conducting layer 1 and pass through the second 
insulating layer 22 by the tunnelling phenomenon. 
Those electrons which have an energy that is 
greater than the work function of the metal layer 33 
are emitted from the metal layer 33, in the electron 
emission region 4. 

With the electron emission element embodi- 
ments of Figs. 14 and 15. the metal layer 33 is 
formed over an electrically insulating layer {21 or 
22) having a flat surface. The metal layer 33 is 
thereby formed with a flat surface, and of uniform 
thickness. As a result, the formation of internal 
defects in the metal layer 33 can be prevented, so 
that high reliability of electrical conduction within 
that layer and stability of electron emission are 
obtained. 

A method of manufacture for the embodiment 
of an electron emission element of Fig. 15 will be 
described, referring to Figs. 16A to 16G. Firstly, an 
electrically conducting layer 1 is formed as shown 
in Fig. 16A, by evaporative deposition of a metal 
upon a surface of an electrically insulating sub- 
strate 5 (consisting of a material such as glass) . 
The evaporative deposition can be performed by a 
process such as resistive heating evaporative de- 
position, electron beam evaporative deposition, 
sputtering deposition, CVD, MBE or ion beam de- 
position. The conducting layer 1 can be formed of 
a metal such as Au. Al, Pt, Mo, Ta. Ag, W, Or, etc, 
to a thickness of 0.1 to 1am approximately. 

Next, as shown in Fig. 16B, a layer of 
photoresist 7 is formed selectively on a portion of 
the conducting layer 1 that corresponds to the 
electron emission region. The photoresist 7 is 
formed by the usual photo-lithography method. 

After forming the photoresist layer 7, etching of 



the conducting layer 1 to a depth d of. for example. 
0.05 to 0.5am is executed, in a region of the 
conducting layer 1 surface which is not covered by 
the photoresist. The etching can be performed by a 

5 process such as ion milling or wet etching. As a 
result, as shown in Fig. 16C, the upwardly protrud- 
ing portion 1a of the conducting layer 1 is formed. 

Next, as shown in Fig. 16D tr\e first insulating 
layer is formed overall, with a thickness which is 

w equal to the aforementioned depth d. so that an 
upper surface of this first insulating layer 21 is co- 
planar with the upper surface of the upwardly pro- 
truding portion 1a. The first insulating layer 21 is 
formed by a process such as electron beam evap- 

/5 orative deposition, sputtering deposition. CVD. 
MBE or ion beam deposition, and consisting of a 
material such as Si0 2 , AI2O3. Ta 2 0=, SiNx, BN. 
AIN, C, etc. 

After forming the first insulating layer 21. as 

20 shown in Fig. 16E, the photoresist layer 7 is re- 
moved. Next, (as shown in Fig. 16F) the upper 
surface of the first insulating layer 21 and the 
upwardly protruding portion la have the second 
insulating layer 22 formed thereon, to a thickness 

25 of 50 to 200 A approximately. The second insulat- 
ing layer 22 can be formed by a method such as 
electron beam evaporative deposition, sputtering 
deposition. CVD, MBE, or ion beam deposition, and 
consisting of a material such as Si02, AI2O3. 

30 Ta 2 Os, SiNx. BN, AIN. C. etc. 

Finally, as shown in Fig. 16G. the metal layer 
33 is formed as a layer of Au, Al. Mo, W, etc, over 
the flat surface of the second insulating layer 22, to 
thereby complete the formation of the electron 

35 emission element. The metal layer 33 is formed by 
a process such as resistive heating evaporative 
deposition, vacuum evaporative deposition, CVD. 
MBE, ion beam deposition, etc, and is preferably 
formed to a thickness of 50 to 200 A. 

40 As can be understood from the above descrip- 
tion, the upwardly protruding portion 1a of the 
insulating layer 1 defines the electron emission 
region 4. The upwardly protruding portion 1a can 
be formed to any desired shape, by a process 

45 such as etching, and hence the shape of an elec- 
tron beam that is formed of the electrons produced 
from the electron emission region can be made of 
any arbitrary form. 

Fig. 17 shows a general cross-sectional view of 

50 an eleventh embodiment of an electron emission 
element according to the present invention. The 
configuration of this electron emission is basically: 
electrically insulating substrate 5 - electricaJly con- 
ducting layer (or conducting body) 1 - electrically 

55 insulating layer 21 - metal layer 33. The conducting 
layer 1 is formed on a region of the insulating 
substrate 5, of specific shape and position. The 
insulating layer 21 that is sandwiched between the 
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conducting layer 1 and the metal layer 33 is config- 
ured such as to cover both a region of the surface 
of the insulating substrate 5 that is not covered by 
the conducting layer 1 and also the surface of the 
conducting layer 1 , and is formed with a flat upper 
surface. The upper surface of the conducting layer 
1 defines the shape and position of the electron 
emission region 4. 

When a voltage is applied such that the con- 
ducting layer 1 is connected to a negative potential 
and the metal layer 33 to a positive potential, a 
strong electric field is produced in a thin film por- 
tion of the insulating layer 21 which is immediately 
below the electron emission region 4 of the metal 
layer 33. As a result, electrons are drawn out of the 
conducting layer 1 and pass through the insulating 
layer 21 by the tunnelling phenomenon. Those 
electrons which have an energy that is greater than 
the work function of the metal layer 33 are emitted 
from electron emission region 4 of the metal layer 
33. 

Fig. 18 shows a general cross-sectional view of 
a twelfth embodiment of an electron emission ele- 
ment according to the present invention. With this 
electron emission element embodiment, the con- 
figuration is basically: insulating substrate 31 - 
electrically conducting layer 1 - electrically insulat- 
ing layers 21 . 22 - metal layer 33. The insulating 
layers that are sandwiched between the conducting 
layer 1 and the metal layer 33 consist of a first 
insulating layer 21 which covers a region of the 
substrate 31 that is not covered by the conducting 
layer 1 and which has an upper surface that is co- 
planar with the upper surface of the conducting 
layer 1, and a second insulating layer 22 which 
covers the upper surfaces of both the first insulat- 
ing layer 21 and the conducting layer 1. The elec- 
tron emission region 4 is defined by the area of 
intersection between the conducting layer 1 and 
the metal layer 33. The remaining features of this 
embodiment are identical to those of the embodi- 
ment of Fig. 17 above, and further description will 
be omitted. 

When a voltage is applied such that the con- 
ducting layer 1 is connected to a negative potential 
and the metal layer 33 to a positive potential, a 
strong electric field is produced in the portion of 
the thin second insulating layer 22, below the elec- 
tron emission region 4. As a result, electrons are 
drawn out of the conducting layer 1 and pass 
through the second insulating layer 22 by the tun- 
nelling phenomenon. Those electrons which have 
an energy that is greater than the work function of 
the metal layer 33 are emitted from the electron 
emission region 4 of the metal layer 33. 

With the electron emission element embodi- 
ments of Figs. 17 and 18, as for the embodiments 
of Figs. 14 and 15, the metal layer 33 is formed 



over a flat upper surface of the insulating layers 21, 
22, thereby ensuring that the metal layer 33 can be 
made of precisely uniform thickness, with no vari- 
ations in height, so that a high degree of reliability 
5 of electrical conduction within that metal layer is 
obtained. 

Furthermore, with the embodiments of Figs. 17 
and 18. the conducting layer 1 that is formed on a 
region of a surface of the substrate 5 defines the 

io shape and position of the electron emission region 
4. Since the shape (i.e. as seen in plan) of the 
conducting layer 1 can be freely selected, any 
arbitrary shape can be selected for an electron 
beam that is formed from the electrons that are 

is emitted from the electron emission region. 

It has been found from measurements made 
on each of the embodiments of Figs. 14 through 17 
that, in each case, the shape of a beam spot of an 
electron beam obtained from the electron emission 

20 element corresponds to the shape of the electron 
emission region of that electron emission element. 

Furthermore with each of the embodiments of 
Figs. 14 through 17, it would be possible to form 
an electron emission element with a plurality of 

25 electron emission regions, arrayed in a predeter- 
mined array configuration, It has been found that if 
such an array configuration is utilized, the various 
advantages described hereinabove are still ob- 
tained. 

30 Moreover, for each of the embodiment of Figs. 

1 5 and 1 8, instead of forming the second insulating 
layer 22 by deposition of a layer of electrically 
insulating material after forming the first insulating 
layer 21, it would be equally possible to form an 

35 electrically insulating oxide film by oxidation of a 
surface portion of the conducting layer 1, and to 
form the metal layer 33 over this insulating oxide 
film and the first insulating layer 21 . 

It should also be noted that it is not essential 

40 that the metal layer 33 be formed above the entire 
upper surface of the upwardly protruding portion 1a 
of the conducting layer 1, and that it would be 
equally possible to arrange that the metal layer 33 
is formed over only a portion of the upwardly 

45 protruding portion 1a. In that case, the electron 
emission region would be defined by the region of 
intersection of the upwardly protruding portion 1a 
and the metal layer 33, as viewed in plan. 

With each of the embodiments of Figs. 11 

so through 18 described above, a metal layer 33 is 
formed over a completely flat surface of an elec- 
trically insulating layer (21 or 22) . As a result, the 
metal layer 33 can be made completely flat and of 
uniform thickness, ensuring that a high degree of 

55 reliability of electrical conduction within that metal 
layer is achieved, together with stable and uniform 
electron emission throughout the electron emission 
region. Furthermore since any arbitrary shape of 



13 



25 



EP0 367 195 A2 



26 



the electron emission region can be easily se- 
lected, the shape of the beam spot of an electron 
beam produced by utilizing such an electron emis- 
sion element can be easily determined in accor- 
dance with a specific application. Thus these em- 
bodiments are highly practical. . 

An MIM type of electron emission element 
having a thin insulating film (2) formed below an 
electron emission region (4) of a metal layer (3). 
with that electron emission region of the metal 
layer consisting of an array of thick and thin por- 
tions (3a. 3b). distributed throughout the electron 
emission region. Improved efficiency and uniform- 
ity of of emission are obtained, due to the low 
resistance of the thick portions, which effectively 
apply a supply voltage to the thin portions of the 
metal layer, while the thin portions can be made 
sufficiently thin to maximize the electron emission 
level. 



Claims 

1 . An electron emission element comprising an 
electrically conducting layer, an electrically insulat- 
ing layer formed on said conducting layer, and a 
metal layer formed on said insulating layer, wherein 
said metal layer is formed with an electron emis- 
sion region comprising a plurality of relatively thick 
portions of said metal layer and a plurality of rela- 
tively thin portions of said metal layer, said thick 
and thin portions being distributed throughout said 
electron emission regions. 

2. An electron emission element according to 
claim 1, in which said thick portions of said metal 
layer are of substantially mutually identical thick- 
ness and said thin portions are of substantially 
mutually identical thickness. 

3. An electron emission element according to 
claim 1, in which said metal layer is formed in said 
electron emission region as a plurality of flat- 
topped portions and a plurality of sloping portions, 
each of said sloping portions being integrally 
formed with a corresponding one of said flat- 
topped portions and being of a thickness which 
gradually varies from a maximum value to zero, 
and in which respective ones of said thick portions 
of said metal layer are constituted by central por- 
tions of said flat-topped portions and in which said 
thin portions of said metal layer comprise central 
portions of said sloping portions. 

4. An electron emission element according to 
claim 3, in which regions of a surface of said 
insulating layer respectively adjust to said sloping 
portions are left uncovered by said metal layer. 

5. An electron emission element according to 
claim 1, in which at least a part of said insulating 
layer corresponding in position to said electron 



emission region has a thickness which is selected 
such as to permit an electron tunnelling effect to 
occur in said part of the insulating layer. 

6. An electron emission element according to 
s claim 1, in which at least a part of said metal layer 

within said electron emission region is of substan- 
tially smaller thickness than a part of said metal 
layer which is positioned outside said electron 
emission region, and in which an interface between 
to said insulating layer and said metal layer extends 
in a single plane both within said electron emission 
region and outside said electron emission region. 

7. An electrically conducting body having an 
electrically insulating layer formed thereon, and a 

15 metal layer formed on said insulating layer, with 
respective values of thickness of at least portions 
of said insulating layer and metal layer being se- 
lected such as to permit electron emission from an 
electron emission region of said metal layer in 

20 response to application of a specific level of volt- 
age between said conducting body and said metal 
layer, wherein at least a part of said insulating layer 
corresponding in position to said electron emission 
region comprises a single-crystal layer of an elec- 

25 trically insulating materia! having crystal planes 
thereof oriented in predetermined directions. 

8. An electron emission element according to 
claim 7, in which said metal layer comprises an 
array of a plurality of relatively thick portions and 

30 relatively thin portions within said electron emission 
region. 

9. An electron emission element comprising an 
electrically conducting layer which includes an up- 

' wardly protruding portion, a first electrically insulat- 
35 ing layer formed on said upwardly protruding por- 
tion, a second electrically insulating layer formed 
on a surface region of said conducting layer ex- 
cluding said upwardly protruding portion, with an 
upper surface of said second insulating layer being 
40 co-planar with an upper surface of said first insulat- 
ing layer, and a metal layer formed upon said first 
and second insulating layers. 

10. An electron emission element according to 
claim 9, in which the thickness of said first insulat- 

45 ing layer is selected such as to permit an electron 
tunnelling effect to occur in said insulating layer. 

1 1 . An electron emission element according to 
claim 9, in which said first insulating layer is 
formed as an oxide of said conducting layer. 

so 12. An electron emission element comprising a 
substrate, an electrically conducting layer formed 
on a predetermined region of a surface of said 
substrate, a first electrically insulating layer formed 
on said conducting layer, a second insulating layer 

55 formed on a region of said substrate outside said 
first insulating layer, with an upper surface of said 
second insulating layer being co-planar with an 
upper surface of said first insulating layer, and a 
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metal layer formed on said first and second insulat- 
ing layers. 

13. An electron emission element according to 
claim 12. in which the thickness of said first insulat- 
ing layer is selected such as to permit an electron 
tunnelling effect to occur in said first insulating 
layer. 

14. An electron emission element according to 
claim 12. in which said first insulating layer is 
formed as an oxide of said conducting layer. 

15. An electron emission element comprising 
an electrically conducting body having a surface 
thereof formed with an upwardly protruding portion, 
an electrically insulating layer formed to cover said 
conducting body and having a flat upper surface, 
and a metal layer formed upon said insulating layer 
surface, said metal layer extending above said up- 
wardly protruding portion of said conducting body 
and at least partially overlapping a boundary of 
said upwardly protruding portion. 

16. An electron emission element according to 
claim 15. in which the thickness of a portion of said 
insulating layer which is sandwiched between said 
upwardly protruding portion of said conducting 
body and said metal layer is selected such as to 
permit an electron tunnelling effect to occur in said 
insulating layer portion. 

17. An electron emission element according to 
claim 15. in which said insulating layer comprises a 
first insulating layer which is formed upon a region 
of said conducting body other than said upwardly 
protruding portion, said first insulating layer having 
an upper surface which is co-planar with an upper 
surface of said upwardly protruding portion, and a 
second insulating layer which covers said first in- 
sulating layer and said upwardly protruding portion, 
said second insulating layer having a fiat upper 
surface. 

18. An electron emission element according to 
claim 15. in which said insulating layer comprises a 
first layer of electrically insulating material which is 
formed on a region of said conducting body other 
than said upwardly protruding portion, and an elec- 
trically insulating oxide film formed by oxidation of 
a surface portion of said upwardly protruding por- 
tion of said conducting body. 

19. An electron emission element comprising 
an electrically conducting body formed on a portion 
of a surface of a substrate, an electrically insulating 
layer formed upon said conducting body and said 
surface, said insulating layer having a flat upper 
surface, and a metal layer formed on said insulat- 
ing layer surface, extending above said conducting 
body. 

20. An electron emission element according to 
claim 19. in which the thickness of a portion of said 
insulating layer which is sandwiched between said 
conducting body and said metal layer is selected 



such as to permit an electron tunnelling effect to 
occur in said insulating layer portion. 

21 . An electron emission element according to 
claim 19. in which said insulating layer comprises a 

5 first insulating layer formed on a region of said 
substrate outside conducting body, said first in- 
sulating layer having a flat upper surface which is 
co-planar with an upper surface of said conducting 
body, and a second insulating layer which is 

to formed over said first insulating layer and said 
conducting body, said second insulating layer hav- 
ing a flat upper surface. 

22. An electron emission element according to 
claim 19. in which said insulating layer comprises a 

is first electrically insulating layer which is formed 
upon a region of said substrate other than said 
conducting body, and an electrically insulating ox- 
ide film formed by oxidation of a surface portion of 
conducting body. 

20 23. A method of manufacture for an electron 

emission element, comprising successive steps of: 
forming a layer of an electrically conducting ma- 
terial on a surface of a glass substrate; 
forming a layer of an electrically insulating material 

25 on said conducting material; 

forming a metal layer upon said layer of insulating 
material; 

forming a patterned photoresist layer on said metal 
layer; and 

30 executing photo-lithography etching of said metal 
layer, employing said photoresist layer, to selec- 
tively remove portions of said metal layer. 

24. A method of manufacture according to 
claim 23, in which said step of forming a layer of 

35 conducting material is executed by a process se- 
lected from a group of processes including a vacu- 
um evaporative deposition process and a sputter- 
ing deposition process. 

25. A method of manufacture according to 
40 claim 23, in which said step of forming a layer of 

insulating material is executed by a process se- 
lected from a group of processes including a sput- 
tering deposition process and an anodic oxidation 
process. 

45 26. A method of manufacture according to 
claim 23, in which said step of forming an metal 
layer is executed by a process selected from a 
group of processes including a vacuum evaporative 
deposition process and a sputtering deposition pro- 

50 cess. 

27. A method of manufacture for an electron 
emission element, comprising successive steps of: 
forming a layer of an electrically insulating material 
on a region of a conducting body corresponding to 
55 an electron emission region, the thickness of said 
layer of insulating material being selected such as 
to permit an electron tunnelling effect to occur in 
said layer of insulating material; and 
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executing evaporative deposition of a metal onto a 
surface of said insulating layer through a mask, 
said mask having a predetermined pattern of ap- 
ertures formed therein, and said mask being 
spaced apart from said layer of insulating matenal 5 
by a predetermined distance; 
for thereby forming a plurality of thick portions and 
a plurality of sloping portions of said metal layer 
within said electron emission region, each of said 
sloping portions being integrally formed with a cor- io 
responding one of said thick portions and being of 
gradually varying thickness, said thick portions and 
sloping portions being distributed throughout said 
electron emission region. 
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